INTRODUCTION {#sec1-1}
============

One of the objectives of root canal treatment is the removal of the inflamed pulp and necrotic debris to obtain a disinfected root canal space. Root canal instrumentation produces a smear layer (SL) that has to be removed for success of the treatment. The American Association of Endodontists defines the SL as a surface film of debris retained on dentin or other tooth surfaces such as enamel or cementum, after instrumentation with either rotary instruments or endodontic files. Instrumentation of the root canal forms the SL, which consists of both organic and inorganic debris, including coagulated proteins, necrotic and viable pulp remnants, odontoblastic processes, saliva, blood cells, microorganisms, and hydroxyapatite crystals. Removal of SL opens up the dentinal tubules and exposes surface collagen for covalent bonding, thereby favoring retention. Furthermore, its removal eliminates bacteria, increases dentin permeability, facilitates diffusion of intracanal medicaments, and helps to attain a hermetic seal between obturation material and the canal wall.

There are several methods employed to remove SL including usage of chemical agents such as proteolytic agents, chelating agents, dequalinium compounds, organic acids, or a combination of these agents; mechanical means such as ultrasonics, endodontic microbrushes, and Quantec E Irrigation Pumps; and lasers.

Sodium hypochlorite (NaOCl) is the most commonly used root canal irrigant due to its tissue dissolving and antimicrobial properties. However, severe soft-tissue damage, unpleasant taste, and odor, adverse effect on bond strength in the root dentin, bleaching of clothes are its shortcomings.\[[@ref1][@ref2]\]

Garlic (*Allium sativum*) has the capacity to remove the inorganic tissue and has good antibacterial capacity, with minimal side effects.\[[@ref3][@ref4]\] However, very few studies have been done on its ability to remove SL from root canals.

The mechanical flushing action of conventional needle irrigation is relatively weak. Newer irrigation systems are efficient in achieving debris-free canals.\[[@ref5][@ref6]\] However, their use is limited due to the need for special equipment and high cost. The use of modified chair-side high volume evacuation system may prove to be a more economical alternative to help prevent the apical extrusion of irrigant and debris, thereby helping to attain the objectives of root canal treatment.

The aim of this study is to evaluate the SL removing the capacity of garlic extract as an alternative to 5% NaOCl and the use of modified evacuation system for removal of irrigant along with debris from root canals.

SUBJECTS AND METHODS {#sec1-2}
====================

Preparation of garlic extract {#sec2-1}
-----------------------------

Garlic extract was prepared by immersing 100 g of cleaned and peeled garlic cloves in 70% (v/v) ethanol for 60 s for surface sterilization. The cloves were placed in a laminar airflow chamber for evaporation of residual ethanol. Using a sterile mortar and pestle, they were homogenized aseptically and sieved through a double layer sterile fine mesh to obtain 100% extract. This was diluted to the concentration of 64 mg/ml using distilled water.

Modified evacuation system {#sec2-2}
--------------------------

A 2.5 ml syringe of 10 mm diameter, with a 21-gauge flat end needle 4.5 mm long was made to fit on to the chair side high volume evacuation system. The needle was bent 30°. The suction efficacy of the apparatus was found to be 8 ml/min \[[Figure 1](#F1){ref-type="fig"}\].

![Modified evacuation system](JCD-21-401-g001){#F1}

Specimen preparation {#sec2-3}
--------------------

Sixty-eight single-rooted human mandibular premolar teeth selected for the study was cleaned of superficial debris, tissue tags, and calculus. Confirmation of the presence of single canals in the samples was done using RVG (buccolingual and mesiodistal). The specimens were decoronated at the cementoenamel junction using a diamond disk and the working length was standardized to 14 mm (±1 mm). The apices of the roots were sealed with acrylic resin to prevent apical extrusion of debris.

Samples were divided into 8 groups {#sec2-4}
----------------------------------

### Control groups (4 samples in each group) {#sec3-1}

Group A: Normal Saline without modified evacuation systemGroup B: Normal Saline with modified evacuation system.

### Experimental groups (10 samples in each group) {#sec3-2}

Group C: 5% NaOCl + 17% ethylenediaminetetraacetic acid (EDTA) without modified evacuation systemGroup D: 5% NaOCl + 17% EDTA with modified evacuation systemGroup E: Garlic Extract + 17% EDTA without modified evacuation systemGroup F: Garlic Extract + 17% EDTA with modified evacuation systemGroup G: Garlic Extract without modified evacuation systemGroup H: Garlic Extract with modified evacuation system.

Canal preparation {#sec2-5}
-----------------

Canal instrumentation was done using Gates Glidden drills Sizes 1 and 2, and stainless steel K Flex files using crown down technique up to master apical file number 40, 0.5 mm short of apex. Copious irrigation was done between each instrument delivering 3 ml of 5% NaOCl solution through a 30-gauge needle in Groups C and D; 3 ml of garlic extract in the concentration of 64 mg/ml in Group E, F, G, and H; and normal saline in Groups A and B.

5 ml of 17% EDTA for 3 min was used in Groups C, D, E, and F. The canals were flushed with normal saline between irrigating solution and 17% EDTA.

In addition, in Groups B, D, F, and H modified evacuation system fitted with 21-gauge needle was introduced into the middle-third of the root canals intermittently during irrigation.

At the completion of the instrumentation, each canal was finally flushed with 5 ml of sterile saline solution and thoroughly dried with sterile paper points.

Evaluation {#sec2-6}
----------

For sectioning of the root, longitudinal grooves were made on buccal and lingual external root surface using double-faced diamond disc at low speed with care not to penetrate the root canals.

Root specimens were then split with a straight chisel into two segments in buccolingual direction. Each root half was horizontally embedded in acrylic block.

Later all samples were taken for scanning electron microscope (SEM) evaluation (magnification: 4.00 K X) to determine the presence of SL in coronal, middle, and apical thirds \[[Figure 2](#F2){ref-type="fig"}\].

![Scanning electron microscope Images at Apical Third (Magnification 4.00 K X)](JCD-21-401-g002){#F2}

The following scoring criterion was used to score the extent of SL (Koppolu M 2012):

Score 1: Little or no SL covering up to 25% of the specimen; tubules visible and patentScore 2: Little to moderate or patchy amounts of SL covering between 25% and 50% of the specimen; many tubules visible and patentScore 3: Moderate amounts of scattered or aggregated SL covering between 50% and 75% of the specimen; minimal to no tubule visibility or patencyScore 4: Heavy SL covering over 75% of the specimen; no tubule orifices visible or patent.

Statistical analysis was carried out using Chi-square test with *P* \< 0.05. This test involves calculation of a quantity in a qualitative data. It is a method to test the significance of the difference between two proportions and is used to find whether observed frequency distribution fits in a distribution of a qualitative data or whether it differs from theoretical distribution by chance or the sample is drawn from a different population.

IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY was used.

RESULTS {#sec1-3}
=======

Coronal third {#sec2-7}
-------------

As 80% of the samples in Group D had Score 1, it proves to be significantly better in SL removal than all other groups, except for Group F, in which 70% samples had Score 1. This is followed by Group E, in which 60% of the samples had Score 1, while 40% had Score 2 \[[Table 1](#T1){ref-type="table"} and [Graph 1](#G1){ref-type="fig"}\].

###### 

Comparison of the scores at coronal third- cross tabulation and Chi- square test

![](JCD-21-401-g003)

![Comparison of the scores at coronal third](JCD-21-401-g004){#G1}

In Groups C and H, 50% of the samples had Score 1 while remaining 50% had Score 2; and in group G, 40% of the samples had Score 1 while 60% had Score 2.

In control Groups A and B, 75% of the samples had Score 3 while 25% had Score 2, which shows these groups remove SL significantly lower than the others.

None of the samples had Score 4 at the coronal third.

Middle third {#sec2-8}
------------

At the middle third of the canals also, Group D showed better SL removal which is statistically significant than other groups, except for Group H \[[Table 2](#T2){ref-type="table"} and [Graph 2](#G2){ref-type="fig"}\].

###### 

Comparison of the scores at middle third- cross tabulation and Chi- square test

![](JCD-21-401-g005)

![Comparison of scores at middle third](JCD-21-401-g006){#G2}

About 10% of the samples in Group C and 20% in Group F had Score 3, while none of the other experimental groups had Scores 3 or 4.

Apical third {#sec2-9}
------------

Group F has better SL removal at the apical third; however, the difference is not statistically significant to Group D. The groups have 30% and 20% samples with Score 1, respectively.

Groups C and H has similar results, where 70% samples have Score 2, while remaining have Score 3. Likewise, Groups E and G have similar results, where 50% of the samples have Score 2, while remaining 50% have Score 3. None of the experimental groups have Score 4 \[[Table 3](#T3){ref-type="table"} and [Graph 3](#G3){ref-type="fig"} and [Figure 2](#F2){ref-type="fig"}\].

###### 

Comparison of the scores at apical third- cross tabulation and Chi- square test

![](JCD-21-401-g007)

![Comparison of scores at apical third](JCD-21-401-g008){#G3}

DISCUSSION {#sec1-4}
==========

In control Group A, in which MES was not used, SEM images show large amounts of debris, completely covering the dentinal walls, indicative of the lack of tissue dissolving property of normal saline even in the coronal third of the root canals. In control Group B, where MES was used the SEM images show large amount of loose and floating debris and minimal opening of dentinal tubules, indicating that MES could remove debris and dislodge it from the canal walls.

In Group C (NaOCl, 17% EDTA without MES), at the coronal third, all the dentinal tubules were open with few specks of loose debris present on the tubule openings. However, in Group D (NaOCl, 17% EDTA with MES), all tubules were open, with no specks of debris, indicative of the efficiency of MES.

The results are in accordance with several studies proving the efficacy of 17% EDTA in SL removal.\[[@ref7][@ref8]\] O\'Connell *et al*. showed that when the EDTA solutions were alternately used for root canal irrigation with 5.25% NaOCl, they completely removed the SL in the middle and coronal thirds of canal preparations, but were less effective in the apical third. EDTA with a pH of 4--6 has a capacity to chelate the calcium of the tooth and NaOCl with a pH of 10--10.5 has a capacity to dissolve the organic material.\[[@ref8][@ref9]\] The combination of NaOCl and EDTA produces a synergistic effect, resulting in effective removal of the entire SL.\[[@ref10][@ref11]\]

It has been reported by Shih *et al*. that 5.25% NaOCl was strong enough to kill the bacteria commonly present in the canal; however, this concentration was highly toxic and irritating.\[[@ref10]\] Furthermore, 0.5% NaOCl dissolved the necrotic tissue but had no effect on *Staphylococcus aureus*. In the present study, 5% NaOCl was used, for better tissue dissolving property.\[[@ref1]\]

Since Groups C and E show similar results at the coronal third, it implies that the efficacy of garlic extract in combination is equivalent to that of NaOCl and EDTA. Group D shows less intertubular distance, compared to Group F, and absence of peritubular dentin, due to the organic tissue dissolving property and formation of the reverse hybrid layer by NaOCl. The higher viscosity of garlic extract compared to NaOCl could lower its diffusibility and wettability, rendering it less effective than NaOCl.\[[@ref12]\]

Moreover, the groups in which garlic extract was used as irrigant, SEM images show minimal opening of dentinal tubules without affecting their structural property. This implies that it would not have an adverse effect of the bond strength of root dentin with root canal sealer, as the collagen fibers would not be destructed.

Garlic (*A. sativum*) is one of the most extensively investigated medicinal plants in use since ancient times due to its antibacterial, antifungal, and antiviral properties. Garlic extract exhibits a wide spectrum inhibitory effect on the growth of various Gram-positive and Gram-negative bacteria.\[[@ref3]\] Its antibacterial and reducing activities are attributed to the presence of thiosulfinates which include diallyl sulfide, diallyl disulfide, and allyl methyl sulfide. Their disruption of cell components and their ability to block enzyme pathways have been implicated in bacterial inhibition.\[[@ref13][@ref14][@ref15]\]

Tissue dissolution of garlic extract is attributed to its characteristic organosulfur compounds such as allicin which is the principle active substance of fresh garlic extract may be one of the factors responsible for its tissue dissolution activity. Allicin is generated by the enzyme alliinase when garlic is crushed, and it metabolizes to vinyldithiines. Allicin participates in the metabolism of cysteine in proteins, thus showing the potential to disrupt the epidermal junction and cause coagulative necrosis of the tissues.\[[@ref16]\] It partially inhibits DNA and protein synthesis and entirely inhibits RNA synthesis. Correspondingly, DNA transcription and other DNA activities are influenced by allicin. Garlic contains at least 33 sulfur compounds, several enzymes, 17 amino acids, and minerals such as selenium.\[[@ref17]\] The sulfur compounds are responsible both for garlic\'s pungent odor and many of its medicinal effects. Dried, powdered garlic contains approximately 1% alliin (S-allyl cysteine sulfoxide).\[[@ref18][@ref19]\]

In this study, garlic extract was diluted to a concentration of 64 mg/ml in accordance with a study by Khan L *et al*., as this concentration was most potent as an antimicrobial.\[[@ref4]\] At room temperature, the extract can be stored for maximum 7 days, while at −20°C temperature, it can be stored for 90 days.\[[@ref16]\]

In the middle third also, Group D shows to be most effective in removing SL and is statistically significant compared to all groups except Group H. All groups with MES show presence of less debris. The groups without MES have thicker, more adherent debris.

The dentinal tubules were visible, and debris was considerable less in the coronal and middle thirds of the canals when compared to the apical thirds due to the direct action of irrigant at these locations and the ability of the debris to be expulsed out more readily.

At the apical third of the specimen, even the NaOCl groups show low score, which can be explained by the narrow canal configuration and lesser number of dentinal tubules at the apical region. Moreover, since the apices of the specimen were sealed, there was no apical extrusion of debris, and the debris that is not expulsed out of the canal tends to remain at the apical region.

In the present study, although the use of modified evacuation system shows better SL removal at coronal, middle at apical thirds of the samples in all groups, there is no statistically significant difference. A larger sample size could perhaps give a significant difference. With regard to the cleanliness achieved in the different areas of the root canal, it may be pointed out that the coronal and middle thirds were those that presented greater capacity to be cleaned. This may be explained as being due to the irrigation system having attained the apical third less efficiently, as a result of the size of the aspiration needle and needle tip not reaching the complete extension of the working length of the root canal, thus not allowing the irrigant solutions to achieve the desired result.\[[@ref20]\] These limitations have also been pointed out by Pereira.\[[@ref21]\] In the apical thirds of the specimen, the groups with MES showed the presence of loose, scattered clusters of debris whereas the groups without MES showed the presence of debris that adhered to the dentinal walls. This suggests that use of MES does help to dislodge debris; however, its evacuation efficacy is probably not strong enough to completely eliminate the debris from this location of the root canal. This could possibly be due to the nature of dentinal tubules which are irregular and less in number.\[[@ref22]\] Whittaker and Kneale also suggested relatively fewer dentinal tubules per unit area being present in the apical third of the root canal wall.\[[@ref23][@ref24]\] Moreover, since the apices of the specimen were sealed, there was no apical extrusion of debris, and the debris that is not expulsed out of the canal tends to remain at the apical region.

CONCLUSIONS {#sec1-5}
===========

According to the findings and within the limitations of this study, it can be concluded that: *A. sativum* has an SL removal capacity, but it is less at the tested concentration when compared to the EDTA and NaOCl groups, the integrity of intertubular dentin was maintained when garlic extract was used as irrigant, combination of *A. sativum* and 17% EDTA shows better results at apical thirds when compared to plain garlic extract, and is not significantly different from the NaOCl and EDTA groups, and use of modified evacuation system shows better results in all groups, although not statistically significant.
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